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With our drilling subcontractor, Salisbury & Associates, Inc. (Salisbury), we explored the 
subsurface conditions by drilling and sampling borings in the project area.  Near the alignment,
we drilled and sampled nine borings, designated B-1L through B-7L and B-9L through B-10L.  
Along the previously proposed upper alignment, we drilled nine borings, designated B-1 through 
B-8 and B-11.  Boring locations are shown in Figure A-1.  Salisbury drilled the borings using a 
Salisbury Viper difficult-access drilling rig, which is relatively light and portable and capable of 
being transported in pieces by helicopter onto the steep, wooded slopes.   

To advance the boring, a center core barrel is lowered by a wire line to the bottom of the hole 
and locked into an outer core barrel.  Both core barrels rotate in unison, grinding the soil and 
rock.  To remove cuttings from the bottom of the hole, water mixed with a polymer thickening 
agent is pumped between the inner and outer core barrels, into the hole, and up through the 
annulus between the substrate and the outer barrel to the surface.  The inner barrel protects the 
sample from the drilling fluid.  Photographs of the core samples are included in Appendix B. 

We collected core samples while drilling through cobbles, boulders, and bedrock.  Core samples 
are obtained by advancing the 1.65-inch-inside diameter (I.D.) dual core barrels, extracting the 
inner barrel by a wire line, and tapping the sample out the top of the core barrel.  We collected 
split-spoon samples using Standard Penetration Tests (SPTs) while drilling in soil.  SPTs were 
obtained in general accordance with ASTM International (ASTM) Designation:  D 1586, Test 
Method for Penetration Test and Split-Barrel Sampling of Soils.  In the SPT, a 2-inch-outside 
diameter (O.D.), 1.375-inch-I.D. split-spoon sampler is driven with a 140-pound cathead 
hammer falling freely through a height of 30 inches.  The number of blows required to achieve 
each of three 6-inch increments of sampler penetration is recorded.  The number of blows 
required to cause the last 12 inches of penetration is termed the Standard Penetration Resistance 
(N-value), shown in the boring logs.  The N-values provide a means for evaluating the relative 
consistency (stiffness) of cohesive soils and the relative compactness or density of cohesionless 
(granular) soils.  A description of the N-values and how they relate to soil characteristics is 
presented in Figure A-1. 

The split-spoon sampler used during the penetration testing recovers a disturbed sample of the 
soil.  The samples were field classified and recorded on the hand boring logs by our field 
representatives, sealed in jars, and returned to our laboratory 
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Shannon & Wilson representatives drilled ten hand borings, designated HB-1A through HB-1C, 
HB-2A through HB-2D, HB-3A, HB-3B, and HB-4 to evaluate the near-surface subsurface 
conditions along portions of the alignment and to collect relatively undisturbed samples of 
recessional lacustrine clay for strength testing.  Boring locations are shown in Figure A-1.  The 
logs for the hand borings are presented as Figures A-21 through A-29.  The Unified Soil 
Classification System, as described in Figure A-3, was used to classify the soils encountered in 
the hand borings.  The hand borings were augered by Shannon & Wilson, Inc. to depths of up to 
about 8 feet below the ground surface (bgs) with hand-augering techniques.   

We collected grab samples using a bucket auger while advancing hand borings HB-3B and 
HB-4.  The samples were field classified and recorded on the hand boring logs by our field 
representatives, sealed in jars, and returned to our laboratory.  HB-3A encountered a large cobble 
or boulder at 1.5 feet bgs that obstructed auger advancement.  We did not collect samples in HB-
3A and we do not present a log for this hand boring 

Porter Penetration Tests (PPTs) were performed in hand borings HB-1A, HB-1B, HB-1C, 
HB-2B, HB-2C, and HB-2D.  The PPT consists of driving a 2-inch-O.D. split-spoon sampler a 
total distance of 18 inches into the bottom of the boring with a 40-pound hammer falling 
18 inches.  The number of blows required to cause the middle and last 6 inches of penetration are 
each equivalent to the N-value.  When penetration resistances exceeded 50 blows for 6 inches or 
less of penetration, the test was terminated and the number of blows and the corresponding 
penetration recorded.  The N-values were recorded by a geologist from Shannon & Wilson and 
plotted on a log of the boring.  The N-values provide a means for evaluating the relative 
consistency (stiffness) of cohesive soils and the relative compactness or density of cohesionless 
(granular) soils.  A description of the N-values and how they relate to soil characteristics is 
presented in Figure A-1. 

The split-spoon sampler used during the penetration testing recovers a disturbed sample of the 
soil.  The samples were field classified and recorded on the hand boring logs by our field 
representatives, sealed in jars, and returned to our laboratory. 

Steel tube samples were used in hand borings HB-1A and HB-1C to collect relatively 
undisturbed soil samples of recessional lacustrine deposits suitable for strength testing.  This 
sampling method employs a thin-walled, steel tube sampler connected to a sampling head and 
rods.  This technique consisted of using the 40-pound hammer to pound the steel tube (on the 
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bottom of the sampling rod) into the soil below the bottom of the borehole, then retracting it to 
obtain a sample.  This method is only suitable for sampling of soft to stiff soil. 

After the tube was extracted from the borehole, the Shannon & Wilson field representative 
observed the ends of the sample, noted a preliminary soil description on the field log, and then 
sealed the ends of the tube with plastic caps and tape to preserve the moisture content.  Our field 
representative carefully transported the sealed tubes to our laboratory in an upright position to 
reduce soil disturbance prior to further examination and testing. 
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